In the first 6 months of 1951, an epidemic of 152 cases of infectious hepatitis with jaundice occurred in Cooper County, Mo. The epidemic was centered in two adjacent school districts centrally located in the county, and principally involved school children and their families. Most of the infected children attended two consolidated public schools and a parochial school, which were the major school facilities for the two districts. As the epidemic proceeded, it became apparent that the homes and schools vvere the chief centers for dissemination of infection, and that among these rural families there were few other regular social contacts where additional exposure could occur. Moreover, in the course of the study it was revealed that the homes were the chief centers for dissemination of the infection, with attack rates in these sites being by far the highest in the epidemic.
As the epidemic proceeded, it became apparent that the homes and schools vvere the chief centers for dissemination of infection, and that among these rural families there were few other regular social contacts where additional exposure could occur. Moreover, in the course of the study it was revealed that the homes were the chief centers for dissemination of the infection, with attack rates in these sites being by far the highest in the epidemic.
Locale of the study
The two school districts with the great majority of cases in the epidemic were Bunceton and Pilot Grove. Consolidated grade and high schools were located in the small villages, Bunceton and Pilot Grove, near the center of the respective school districts. In addition, a large elementary parochial school, which was located in Pilot Grove, was heavily infected during the epidemic. There were 3 other small parochial schools in the two districts in which scattered cases occurred, but these were not subjected to special study.
The principal occupations in that part of the state were diversified farming and dairying. Roads were excellent and largely radiated from the county seat, Boonville, a city of 6,700 people 5 miles to the north. The towns of Bunceton and Pilot Grove had populations of 584 and 631, respectively, and, in general, were quite similar. Several small rivers and creeks in the area drained northward to the Missouri River. No waterways communicated between the towns of Bunceton and Pilot Grove. Geographic details may be seen in a partial map of the county shown in figure 1 . The involved school districts are heavily outlined in the map. Most of the homes in the county were frame dwellings with drilled wells and outside privies. The privies seldom were satisfactorily protected from flies, and leakage of feces through surface drainage was frequently apparent. These conditions were characteristic of the whole county, however, and were not worse in the epidemic area.
The 3 school buildings under study were of brick construction and in good repair. Classrooms in the elementary schools seated from 30 to 45 students and were not overcrowded. The highschool students in the 2 public schools were seated in a large assembly room and attended classes in smaller adjoining rooms. Water was supplied to the Pilot Grove homes and schools from a State-approved municipal system. The Bunceton school had an individual deep drilled well with a power pump. Sewage disposal in the 3 schools was by means of septic tanks which appeared to function satisfactorily.
Hot lunches were served in each of the schools, and dishwashing and similar procedures were handled according to approved techniques. Breaks in sanitary techniques in food handling could be observed in each school, but these were not outside the normal pattern for the region.
A majority of the children was transported to and from school by school bus. Each bus carried from 30 to 40 children.
There were 8 buses in Pilot Grove and 5 buses in Bunceton. Cases of jaundice were found among children who rode in each of the buses, and there was no concentration of cases in any one bus route. No further study of possible spread of disease in the buses was made.
Infectious hepatitis with jaundice had occurred sporadically throughout the county and state in previous years, and the diagnosis appeared with regularity in the records of the hospital in Boonville. No epidemics had occurred in that area, however, within the memories of a number of local physicians, although, at the time this study was in progress, at least 7 other distinct epidemics of varying severity were reported from widely separated areas within the state of Missouri.
METHODS OF STUDY
Collection of cases. The epidemic began to attract the attention of the community in January, 1951, and at that time the county public health nurse began to keep a record of cases of jaundice in the same manner prescribed by the State Health Department for measles and scarlet fever. Case reports were " obtained from physicians and were collected in the course of her routinely scheduled activities which took her to all parts of the county at least once a week. By the first of April when the formal study was begun, about 65 case reports had been collected. At this time 3 physicians and 2 additional nurses joined the study, along with several part-time assistants assigned from participating agencies, including sanitary engineers, a veterinarian, and public health nursing trainees. The procedure from this point on was to interview the individual involved in each previously reported case to be sure that it met the diagnostic criteria set forth below, and to detect any new cases among the patients' contacts. In addition, all schools and towns in the county were visited by investigators in search of new eases or outbreaks. After the study was organized, further weekly or more frequent visits were made to the schools involved, and return visits to families with jaundice were made at approximately 2-week intervals. The County Medical Society cooperated by reporting all new cases, and a weekly telephone poll of most of the county's physicians was made. The local press made reports of the progress of the epidemic at frequent intervals, as well as informed the public of studies which were to be made, such as injection of gamma globulin. These procedures were continued from April through July. Thereafter, a record of new cases in the area was maintained by the county public health nurse.
Source of population enumerations. School enrollments and estimates of the population of the school districts were obtained from the respective school superintendents, from the county school superintendent, and from the 1950 census.
Survey of school children for nonicteric cases. See under Results.
Gamma globulin prophylaxis. See under Results.
RESULTS
Clinical description of cases. Most of the patients in this study were children, and their illnesses were typically first characterized by an upper respiratory tract syndrome, ranging from a simple coryza to symptoms indistinguishable from acute pharyngitis and tonsillitis. After about 1 week, the symptoms gradually disappeared and were followed by anorexia, nausea, and often vomiting. These manifestations were usually ac- companied by the passage of dark urine and pale stools. About this time jaundice gradually appeared and was seen or described in all of the 152 cases in this investigation. Jaundice among the children lasted from a few days to 2 weeks, when a slow convalescence occurred. The disease in older individuals was often more insidious in onset, without fever and respiratory prodromata, and in a few cases jaundice persisted for 6 weeks to 2 months. There were no fatalities in the epidemic. An illness which resembled the above syndrome but which was not accompanied by jaundice, was reported with some frequency among the children. Investigation of the possibility that such cases were nonieteric forms of the disease was made, and the results will be described later. In this study, the appearance of jaundice was almost invariably used to indicate the day of onset of the disease. Distribution of cases of infectious hepatitis by week of onset in Pilot Grove and Bunceton consolidated school districts. In Bunceton, the epidemic began a sustained increase in case incidence on February 4 and reached its highest peak of incidence in the week of April 1. The epidemic was virtually over there by May 13. In Pilot Grove the epidemic was very similar except that it started about 2 weeks later, eurves were characterised by sharp spikes at 3-to 6-week intervals.
In both areas, the One hundred and forty-two of the cases occurred in the Bunceton and Pilot Grove school districts. In table 1 is presented the distribution of cases throughout the county by week of onset. In figure 2 these data are given in rate per thousand for the Bunceton and Pilot Grove school districts. In Bunceton only two cases were observed in. January, but during February there was a regular increase in case incidence to a peak in the last week of that month. This rate was sustained through March, and in the first week of April the highest case incidence of 8 per thousand occurred. After a decrease, there was another smaller peak of increased incidence the last week of April In Pilot Grove, the curve of incidence was quite similar, although slightly later in occurrence, with peaks of increased case incidence during the second week of March, the highest peak of 6.6 per thousand during the third week of April, and a final lower peak the third week of May. Scattered cases continued to occur until the second week of July. The total case incidence in the two districts was similar, approximating 5 per cent (table 1) . In Boonville and other parts of the county, the rates were 0.07 and 0.06, respectively. The cases were almost equally divided between the sexes, and occurred chiefly in school children. A summary of the age distribution of cases may be seen in table 2, with age-specific attack rates for school children. The age of greatest incidence was 6 to 8 years, with 37 cases amounting to 21.7 per cent of children of that age group in the two districts. The percentage attack rates by 3-year age groups then successively diminished until they reached 8.1 per cent for the 15-to-17-year group. There were 113 (79 per cent of the cases) in the age groups 6 to 17 years.
There were 78 families involved in the epidemic, and 2 other cases not in families. One of these latter was a nun, a laboratory worker in the Boonville Hospital, and the other was a traveling minister. Both individuals had known exposure to the disease before they became ill. In table 3 are presented the distribution of cases and secondary attack rates according to the size of families. From the table it may be observed that families of 4, 5, and 6 members accounted for a majority of the families involved (63 per cent). Secondary attack rates for families of 3, 4, and 5 members were 16.6, 12.9 and 13.6 per cent, respectively. Families of 6 members showed a much higher attack rate of 32.3 per cent. Rates in families of 7 and 8 members were lower (18.5 and 14.3 per cent), with again much higher rates of 27.8 and 28.6 per cent in the 4 families of 10 and 2 families of 11 members. There were only one 2-member family and no 9-member families affected. Of the 78 families in the epidemic, 70 resided in the two school districts. Fifty-nine of these 70 families had children in the schools under study. The majority of the other 11 had children in the 3 small outlying parochial schools.
The distribution of cases in families was studied by tabulating the interval between index cases and subsequent FIGIJBB 3. Intervals between index and subsequent cases of infections hepatitis in 37 families in Cooper County, Mo., in 1951. A secondary and tertiary wave of case incidence in families is revealed in this study, and possibly more. The peak of occurrence of the first 2 waves at about 26 and 55 days corresponds closely with the incnbation period of the disease. The discrete character of the waves suggests that the period of infectivity of cases may be -for only a few days. cases. Figure 3 shows this distribution for the 37 families in which more than one case occurred. From the figure it may be seen that 3 cases occurred nearly simultaneously with the index cases, and that during the first 18 days 11 cases occurred. At this point the case incidence increased to as high as 5 cases per 2-day interval for the period from 18 to 40 days, with a peak occurrence at about 28 days. Thereafter, the case incidence was lower until there occurred a second period of increased case incidence to 3 cases per 2-day interval from 48 to 60 days. Following the second wave, only 6 other cases occurred, but these came in pairs at approximately 40-day intervals. All of the waves of increased case incidence approximate the reported incubation period of infectious hepatitis, suggesting an intrafamilial chain of infection through icteric or subicteric cases. The discrete waves of occurrence of subsequent cases may be evidence that the period of infectivity was relatively short, possibly only a few days.
The secondary attack rates among the 78 families involved in the epidemic are presented in table 4, subdivided according to the school attended by their children, with a fourth group consisting of the remaining families. In addition, the combined secondary attack rates for families attending the 3 schools are presented in figure 4 for later comparison with school attack rates. A point of interest not mentioned in the tables is the fact that 69 per cent of index cases in families were among school children.
Among the 78 families, there were no cases in children under 3 years of age, and in the 3-to 5-year group the attack rate was 18.5 per cent. In the age groups of 6 to 20 years, the rates were at a high plateau, ranging only from 34.8 to 38.5 per cent. Among persons over 20 years of age, the rate was only 9.8 per cent. Comparison of the secondary attack rates among families with children attending the schools revealed that the principal differences were among the 6-to 20-year age groups. In Bunceton the rates were the highest in the epidemic, with a value of 82 per cent for 6-to 8-year-old children, and 57, 100, 40, and 33 per cent in the consecutive 3-year groups through 20 years. In contrast, among families with children attending the Pilot Grove and parochial school these rates ranged from 16 to 50 per cent at these ages, the greatest number of age groups falling in the range from 28 to 37 per cent.
In the age group from 15 to 20 years among Pilot Grove school families, there were only two contacts and no cases, while the number of exposed older children among parochial school families was much larger. Attack rates in the schools are described in table 5 and figure 4. In addition to the incidence rate of all cases recognized among school children, a second category is described. This consists of the incidence rate of family primary and coprimary cases (i.e., those who became jaundiced, within 10 days of index cases) among school children. This subdivision was used on the assumption that family index cases and coprimary cases more nearly indicate the number of children becoming infected at school, while family secondary cases are presumed to have been infected for the most part at home.
In the Bunceton school, total attack rates were highest among the 6-to 8-year-old group, with 33.0 per cent of these children becoming jaundiced during the epidemic. In the 9-to 11-yearold group the rate was 21.3 per cent, dropping to 7.0 per cent in the 12-to 14-year-old children. Among Bunceton 18-20 OVER 20 FIOUEI 4. Secondary attack rates among household contacts, incidence rates among school children, and incidence rates of primary household cases among school children, Cooper County, Mo., 1951. A higher proportion of household contacts developed jaundice than school children. The incidence rates among older children in households did not dJTniTiiHh appreciably, while there was a definite reduction in case incidence in older school children. The difference was greatly increased if incidence rates of family primary and coprimary eases, in schools were considered.
high school children, the rate was only 2.5 per cent.
Among Pilot Grove elementary school children, the rates were lower, with the value of 12.0 per cent among 6-to 8-year-old children, and progressively falling with increasing age, with values in 9-to 11-and 12-to 14-year-old children of 8.0 and 5.7 per cent, respectively. In marked contrast, the Pilot Grove high school attack rate was 8.8 per cent, i.e., more than 3 times greater than the Bunceton high-school attack rate. This difference was further emphasized by the lower rates among Pilot Grove elementary school children in comparison to Bunceton elementary school children.
In the parochial school, the rates were 16.3, 20.0, and 24.0 per cent among 6-to 8-, 9-to 11-, and 12-to 14-year-old children. These rates differed from those in the other two elementary schools in that there was no reduction in case incidence among the older children; in fact, there was a slight rise.
The incidence rate among school children of family primary and coprimary cases followed the trends described above, and ranged from approximately one fourth to one half the values for total case incidence among school children.
When the secondary attack rates for the 59 families with children attending the 3 schools are combined and graphed (figure 4) in comparison to school attack rates, a striking difference becomes apparent. The family secondary attack rates in the age group 6 to 8 years are twice the value of total attack rates in the 3 schools (45 to 20.7 per cent), and approximately 4 times the family primary and eoprimary attack rates-. As the age increases the disparity increases as a result of a progressive reduction of school attack rates with maintenance of family secondary attack rates at about 40 per cent through 15 to 17 years. At age of 15 to 17 years, the total school attack rate is only about one eighth the family attack rate, and the primary and eoprimary rate is only about one sixteenth the family rate.
The disparity in the high school attack rates was investigated with the following results. It was found that only 1 of the 5 cases in the Bunceton high school was a member of a family with a jaundiced child enrolled in the Bunceton elementary school, and that none of the 13 cases in the Pilot Grove high school were related to a case in the Pilot Grove elementary school. In contrast, 5 of the Pilot Grove high school cases came from 4 families with children in the parochial school who became jaundiced during the epidemic. Furthermore, two additional high school cases came from families with children in the parochial school, although they were not reported to have had jaundice during the epidemic. Thus, 7 of the Pilot Grove high school cases occurred in families with children in the parochial school. It was found that only 16 per cent of the high school students came from families with children in the parochial school, in contrast to 44 per cent who had siblings in the Pilot Grove public elementary school, which was located in the same building with the high school. From this it was apparent that children from parochial school families provided a disproportionately large share of cases in the high school. These observations also recalled the fact pre-. viously noted that the attack rates among older children in the parochial school were higher than those that were observed among older children in the other two elementary schools. It appeared, therefore, that many of the high school cases were secondary cases in parochial school families, and the disease has not spread epidemically among the high school children. By analogy, it seemed possible that a similar situation prevailed among older children in the parochial school, although there was no low total attack rate to make the point clear. Three of the 7 high school cases among parochial school families were the first recognized cases in the household. The 3 families were large, however, with 8, 10, and 11 members, respectively, and it is logical to suggest that a focus of inapparent infection existed at home as a source of their infection.
The distribution of cases by week of onset among school children in the 3 elementary and 2 high schools is shown in table 6. The epidemic began near the first of February in the two public schools and almost a month later in the parochial school. In Bunceton the epidemic was concluded by the last week in April, and about mid-May in the other two schools. The number of cases per week in Buneeton never exceeded 5, and the points of high case incidence on this curve can be almost superimposed upon the epidemic curve for all individuals by week of onset in that school t Seven additional children in this school had palpable livers but developed jaundice within a few weeks before or after examination. district (table 1). The curves of case incidence for the Pilot Grove public and parochial schools were similar, and their peaks of incidence also correlated closely with peaks on the curve for all individuals in the school district (table  1) .
Search for nonicteric cases of infectious hepatitis. In this study, at the mid-point of the epidemic all children in the first 4 grades of the two infected public schools were examined for the presence of an enlarged liver and other evidences of the disease. Examination for the former was performed by placing the children supine on a convenient table and palpating the abdomen. A similar group of children from the Boonville elementary school, from which only rare cases had been reported, were examined as controls. Blood was obtained from a majority of those children with enlarged livers and was subjected to the cephalin-cholesterol flocculation test.
The results are described in table 7 , and reveal that 15.6 per cent of children examined in the infected schools had enlarged livers, and that 10.4 per cent (14 individuals) never developed jaundice during the epidemic. The cephalin-cholesterol test was performed on serum from most of these children; 64 per cent showed abnormalities, most of which were graded 3 or 4 plus (pronounced abnormality). Among a group of 144 controls, only 4.2 per cent had palpable livers and only 2 showed abnormal cephalin-cholesterol flocculation tests, both of which were only slight (2 plus) abnormalities. Thus, this study provided evidence for the existence of an appreciable number of nonicteric cases in the epidemic.
Evaluation of the prophylactic effect of gamma globulin. During the epidemic, a small-scale study was made of the possible prophylactic value of a dose of gamma globulin (0.01 ml per pound of body weight) which was believed to be near the lower limit of effectiveness of this agent. The study was started on April 18 and 19, 1951, near the midpoint of the epidemic. Notices were sent to the parents of the children in the parochial school and the Pilot Grove elementary school requesting permission to administer the agent. Approximately one half of the children's parents responded affirmatively, and from this group were excluded cases of previous jaundice or gamma globulin injection. The remaining group, 64 in the Pilot Grove school and 43 in the parochial school, constituted about one third of the respective student bodies. Slightly more than one half of the students in each school remained uninfected at this time; these were followed as controls. The injected individuals were fairly evenly distributed through the school grades. Gamma globulin was obtained from the American Red Cross. The material was given subcutaneously into the deltoid area of the upper arm with autoclaved syringes and needles. The children were followed for evidence of jaundice until September, 1951. As it was realized that exposure at home as well as at school might be important in determining the effect of gamma globulin, the groups were further subdivided as to the presence or absence of jaundice in their homes at some time duringthe epidemic, in an attempt to separate those with a superimposed risk of jaundice at home. The results of this studyare summarized in table 8.
It is suggested that exposure at school and at home is more apt to result in jaundice, since in 3 of the 4 groups (table 8), those with dual exposure showed a higher incidence of jaundiceÂ s far as the protective effect of gamma globulin is concerned, there was a slightly higher percentage of cases in the noninjected groups (9.2 to 3.7 per •cent); however, the difference was not great enough to be statistically significant. In that direction, it should be Teported that during the period of observation of these children, 18 other •cases of jaundice occurred in their "homes. Fourteen of the cases occurred in families whose children did not receive gamma globulin, while 4 cases oc-•curred in 3 families whose children were .given gamma globulin. Five of the •cases occurred in preschool children, 4 in high-school children, and 9 in adults. Thus, there was ample evidence of continuation of the epidemic during the period of observation and, moreover, there was a pronounced trend toward more cases in the families not receiving gamma globulin. While all of the results cited above are in the direction of A positive effect of gamma globulin in preventing jaundice, the differences are so small that they must be disregarded. The possible effect of gamma globulin in prematurely stopping the epidemic is hard to evaluate, but it should be emphasized that the injections were given at a time when the epidemic was near or past its peak, and that it did not terminate any more rapidly in Pilot Grove than it did in Bunceton.
DISCUSSION
In this epidemic, 152 cases of infectious hepatitis with jaundice occurred during a period of 6 months. The epidemic chiefly involved school children who lived in two adjacent school districts in a rural area. The most important sites of exposure of children to the illness appeared to be first, infected households, and second, the involved schools. Investigation of the disease in households revealed that secondary attack rates among children were uniformly high, approximating 40 per cent, in the age range 6 to 20 years. It was also found that onsets of secondary cases in families occurred in at least 2 waves separated by intervals corresponding to the average incubation period described for infectious hepatitis (25 to 30 days). This pattern of'occurrence of subsequent cases in families was considered to be evidence forintrafamilial spread of the disease. Support for such a view is gained from a study of an epidemic of infectious hepatitis among young boys in a boarding school by Brodribb (1) . In this outbreak, following introduction of a case infected during a holiday, a similar pattern of waves of high case incidence corresponding to the incubation period of the disease was seen. Furthermore, in this institution no additional outside sources of infection were discovered.
The importance of spread among households was further emphasized when it was discovered that a disparately high attack rate among Pilot Grove highschool children could be attributed to exposure of a group of the children at home and not at school.
From all of the evidence, it appeared that once family groups became infected the disease progressed uniformly and independently until a high proportion of individuals developed icteric or nonicteric forms of the infection.
The schools appeared to perform the function of infecting new family groups, and it was found that 69 per cent of index cases in families were among school children. On the basis of the finding that secondary attack rates among households were approximately twice as high as attack rates among school children, it appeared that the homes were the areas of greatest risk of infection in the epidemic. Since it seemed evident that many of the cases among school children probably were secondary family cases, a tabulation was made in which incidence rates of only family primary and coprimary cases were considered. These values followed the same trends as did total attack rates in schools, but were far lower. It is considered that these lower values most accurately represent incidence rates of cases of jaundice among school children who were infected at school.
In addition to the 152 cases with jaundice, evidence was obtained by examination of school children that a considerable number of nonicteric cases was present in two of the schools near the mid-point of the epidemic. It was not possible to repeat this examination regularly, but the method appeared to be useful in detecting nonicteric cases. The preschool children were not examined for nonicteric hepatitis in this study, but Bennett and coworkers (2) have observed that hyperbilirubinemia was present-in only 1 of 48 infants who presented clinical and laboratory evidence of hepatitis. On the basis of their evidence, it seems possible that preschool children with inapparent infections could provide an important source of infection among household contacts.
The mode of spread of the infection appeared to be best considered as "personal contact," based on the fact that infected food, water, or milk could not have accounted for the widespread distribution of disease in this epidemic, and the interpretation of the epidemiclogic studies is based on this assumption.
In the course of the epidemic, the infectious hepatitis skin test described by Henle, Drake, Henle and Stokes (3) was applied to 42 convalescent cases and to a number of uninfected individuals who were outside the epidemic area. Eighty-eight per cent of the convalescent patients gave positive reactions, while
